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INTRODUCTION 
The original objective of the research was to compare the 
In particular 
a study of the molybdenum-oxygen moiety and the replacement of the 
chloride ion trans to the oxygen with an alkoxy group. These 
reactions were to be conducted in a sealed tube or unreactive 
solvent. 
In an attempt to simplify the synthesis of Mo0Cl3 8c6H5 )3� 2 , 
the reaction leading to the formation of Re0Cl3 Qc6H5 )3PJ2 was 
investigated with molybdenum compounds. Unexpected results led to 
extensive study of the reaction with molybdenum and tungsten.' 
While this work was underway, synthesis of triphenylphosphonium 
salts and triphenylphosphine oxide complexes of several metals 
including tungsten, was published. Certain discrepancies in the 
reported infrared spectra resulted in a reinvestigation of the 
tungsten reactions. 
The interaction of Mo03 and hydrogen chloride in ethanol pro­
vided a simple method for the formation o� the Mo0Cl5
2 - ion. The 
effect of cation size on the formation of MoOC15
2 - or MoOC14
1 -
salts has been studied. 
2 
HISTORICAL 
The properties of the elements and their compounds showed 
vertical, horizontal, or diagonal relationships within the periodic 
table. The relationship studied here was a diagonal relationship. 
The diagonal relationship of a pair of elements has been explained 
by a similar size, for example 11 1+ with a radius of 0.60 A and Mg2+ 
with a radius of 0.65 A.(l) This similarity in radii results from 
--
the increased charge on the magnesium which offsets the presence of 
one more shell of electrons. This relationship was more pronounced 
in the non-transition elements than in the transition elements. 
Molybdenum and rhenium constitute an example of the diagonal r�-
lationship. Both had a.marked t�ndency to form metal-metal bonds 
. (homophilicity). The pentachlorides were dimeric and the higher 
oxidation states form multiple bonds to oxygen (2). While there 
were many examples where they were different, a study involving a 
comparison of the two elements was not unreasonable. As a study 
of the sealed tube reactions of ReOCl3 [C C6H5) 3P] 2 was underway, 
it seemed useful to study the same reactions with MoOC13 [cc6H5)3� 2 . 
The compound MoOCl3 [< C6H5) 3PJ 2 had been prepared in three 
steps involving the use of sealed tubes under anhydrous conditioni. 
The anhydrous conditions were necessary because of the instability 
of all of the products. Th� three steps of the preparation were (3): 
M0Cl5 + SOz 
3) 
sealed 
ampoule 
anhydrous 
sealed 
ampoule 
MoOCl3 + 
anhydrous 
+ 
sealed 
ampoule 
3 
As this method was both time consuming and arduous, a simplified meth-
od of synthesis would be advantageous. The most feasible alternative 
would be the procedure used to synthesize the corresponding rhe·nium 
reflux 
HRe04 + (CeH5)3P + cone. HCl --e�t�h_a_n-0�1=--. 
In contrast to the instability of the triphenylphosphine 
compound, the triphenylphosphine oxide analog, Mo0Cl3 [< CeH5 ) 3P<2) 2 
was very stable. This could be attributed to the classification of 
Molybdenu..� (especially in the higher oxidation states ) as a class A 
metal. The Ahrland classification system divided elements into those 
which form more stable complexes with N, 0, F, (class A ), and those 
which form more stable complexes with P, S, Cl, (class B )  (5 ). This 
classification was based on the fact that class A complexes depend 
4 
on the basicities of the acceptor while class B complexes depend 
on the availability of electrons from the lower d orbitals of the 
metal for dative -bonding. In complexes with triphenylphosphine 
oxide, the metal was found to be bound through the oxygen. Four 
methods for the formation of this compound are listed below: 
ethanol 
sealed tube 
160
°
C 
3.5 days 
sealed tube 
,160 ° C 
4 days 
(7 ) 
(8 ) 
Two triphenylphosphine oxide complexes of Mo(VI ) have also been 
The complex Moo2c12 � c6H5 ) 3P� 2 was prepared by the following 
reactions ( 6 ): 
1 )  MoOz + Cl2 
550
°
C 
CHzClz 
2 )  MoOzClz + (C6H5 )3PG --N-2
---� 
5 
MoOCl3 �c6H5) 3PoJ 2 with hundr ed volume hydrogen peroxide in boiling 
ethanol (9). 
By examination of similar compounds of tungsten, additional 
information on the periodic relationships existent in the tr ansition 
ser ies could be obtained. 1\vo tr iphenylphosphine oxide complexes of 
tungsten were known. The compounds were prepared by the following 
methods: 
N2 180
°
C 
W02c12 �C6 H5 )3PoJ 2 1) wo2c12 + (C6H5)3PO (10 ) 12 hr. 
2) WC16 + (C6H5)3PO acetone W02Cl2 {sc6 H5) 3PO] 2 + 
WOCl3 8 C6H5) 3P0]2 (10 ) 
3) W(C0)4 �C6 H5 )3�2 
Cl 2 wo2c1 2 fcc6 H5)3Pol 2 
CCl 4 
WOCl3 � C6H5 ) 3P<?] 2 (7) 
4) wcco)3 [cc6H5)31]2 
Clz 
W02Cl2 fc6H5)3P� 2 + 
CCl4 
WOCl3 �C6H5)3Pci]2 (7) 
In preparations 3 and 4, W02Cl2 8c6H5)3P�2 could be isolated from 
the reaction mixtur e and the blue r esidue left was said to give 
the infrar ed spectra expected for the compound WOCl3 � C6H5) 3Pa] 2 ( 7). 
In the r eactions using the metal car bonyl complexes (7), the 
�olybdenurn compounds isolated contained Mo(V) while those of tungsten 
contained primarily W(VI). This was attributed to the greater 
stability of Mo(V), compared with W(V). 
Any blue residue from a tungsten reaction could contain the 
inorganic substance known as tungsten blue. Some of these sub-
stances wer e true oxides of tungsten with an oxida tion state 
between 5 and 6 ,  while others were mixtures of several tungsten 
oxides. The first report of a mixed oxide was a green substance 
which was determined to be a mixtur e of 99% W03 , y ellow, and 1% 
In later work on the r eduction of W03 with H2, 
6 
19 lower oxides were reported with empirical formulas from wo2 _98 
to wo0 _10 (11). By the use of X-ray diffraction patterns, these 
lower oxides were divided into four phases (compounds of different 
cry stalline structure) and mixtures of these pha ses. The reduc-
tion of W03 with Zn and HCl to give tungsten blues has also been 
repor ted (12). These compounds were air sensitive and oxidized to 
higher oxides, usually wo3 . A nother article stated that tungsten 
blue could not be given a formula because the compounds formed 
depended on the starting material, reduction method, and reduction 
time (13) . 
Recently a paper has been published by Majumdar a nd Bhattachar y y a  
giving a new method of pr epar ation of tr iphenylphosphonium and 
triphenylphosphine oxide coT?-plexes of zirconium, thorium, ur anium, 
7 
tungsten, and vanadium (14). This r epor t was of inter est for two 
reasons. Fir st, the method of pr epar ation of the tungsten compounds 
was similar to that being employ ed in our studies and a n  extension 
to moly bdenum seemed war r anted. Second, investigations then 
under way in our labor ator ies on the infr ar ed spectr a of tr ipheny l-
phosphine and tr ipheny lphosphine oxide complexes wer e not in 
agr eement with those r epor ted in this paper . The r eactions that 
wer e given for the for mation of the tungsten compounds ar e given 
below: 
ethanol 
If the reaction of wo3 and HCl to give a tungsten oxochlor ide 
anion could be extended to moly bdenum, a simplified pr ocedur e for 
the for mation of the known moly bdenum oxochlor ide anions, MoOc15
2-
and Mo0Cl4
1 - would be possible. This procedur e would allow study 
of the effect of var ious cations on the for mation of these anions. 
Such studies have not been possible since the salt for med seemed to 
be dependent on the method of pr epa r ation r ather than the cation 
utilized. However the r ecent wor k of Piovesana and Fur lani has 
8 
suggested the influence of the cation (15 ). For the preparation of 
the Mo0Cl5
2 - salts, the anion has been prepared by three methods: 
1) Mo042 - + HI cone. HCl Mo0Cl52- (16) 
electrolyic 
reduction 
2 -2) Mo03 Mo0Cl5 
cone. HCl 
(16) 
3) MoC15 
ethanol or_H20 Mo0CI5
2 - (2) 
The salt was then prepared by the following reaction (17). 
cone. HCl 
M = Rbl+ ' 
The solution was then saturated with HCl gas at O C to precipitate 
the salts. The M(Mo0Cl4 ) salts were generally prepared in sealed 
ampoules by the use of MCI and MoC15 in liquid S02, M = Rbl+, 
Csl+ ' 
Characterization of the complexes was aided by the interpre-
tation of the infrared spectrum. Certain regions contain the 
diagnostic bands of the stretching modes of M=O, O=M=O (both linear 
and bent ), M-X, and P=O, where M=Mo or Wand X=Cl, as seen in Tables 
I , I I , and I I I . 
TABLE I. M=O Frequencies 
Compound 
MoOCl3 [5c6H5 )3aj 2 
M�OCl3 [sC6H5 )3PO] 2 
Mo(� )2o CTc6H5 )3Pq] 2 
Na2Mo04•4H20 in 6N HCl 
Mo03 
K2Mo0Cl5 
Rb2Mo0Cl5 
Cs2MoOC15 
Cs2Mo0Cl5 
(C5H6N)2
Mo0Cl5 
(C H )  AsMoOCl 
6 5 4 4 
WOCl 3 [< C 6H5) 3Po] 2 
wo
2 
Cl2 8c6
H
5 
)
3
P?) 2 
W02Cl 2 8c6
H5
) 3
PO J 2 
wo c1 Ee H ) P� 2 2 6 5 3 2 
�C6H 5)3P� 2wo2c14 
M=O 
9 
frequency in cm-1 reference 
968 8 
972 7 
954 9 
957 18 
922 
969 19 
893 
967 19 
960 17 
960 17 
950 20 
952 20 
987 20 
973 10 
960 7 
913 
960 10 
915 
958 14 
902 
958 14 
950 
901 
TABLE II. P=O Frequencies 
Compound P=O frequency in cm-
1. 
MoOCl3 8 C6H5) 3P� 2 1160 
1145 
Mooc13 Ec6H5 )3Po] 2 1160 
MoOCl3 �C5H5)3P� 2 1157 
Mo02Cl2 8c5H5 )3PO] 2 1162 
1140 
Mo(02)20 [<c6H5)3Pil2 1170 
1160 
WOCl3 �C5H5)3P0]2 1170 
116 0 
W02Cl2 �C6H5) 3P0]2 1170 
1162 
. W02Cl2 Gc6H5) 3P� 2 1172 
1165 
wo2c12 Ec6H5) 3Pa] 2 1140 
10 88 
TABLE III. M-X Frequencies 
Compound M-X f requency in cm-
1. 
Cs2MoOCl5 
317 
326 
342 
310 
324 
10 
reference 
6 
7 
8 
6 
9 
10 
7 
10 
14 
reference 
21 
21 
21 
11 
From the tables it can be seen that the Mo=O and W=O stretching 
frequencies were found between 975 and 900 cm-1. The variation 
in position was attributed to the amount of metal-oxygen double 
bond character. The P=O stretching frequencies were generally found 
between 1170 and 1140 cm-1. In uncoordinated triphenylphosphine 
oxide, the P=O stretching frequency occurred at 1180 cm-1. Part of 
the double bond character was lost upon coordination to the metal, 
thus lowering the phosphorus-oxygen stretching frequency. The Mo-Cl 
and W-Cl stretching frequencies were between 350 and 310 cm-
1. The 
peroxide (-0-0-) frequencies were between 900 and 810 cm-
1. (22 ). 
-1 
The P-H stretch was usually betw�en 2440 and 2350 cm . (23). 
The ultraviolet and visible spectral regions were also useful 
in the identification of the nature of the complexes. For the 
compounds under consideration the visible region contained two 
bands which were ligand-field bands (24 )(17 ). Using the molecular 
orbital diagram of Gray and Hare for the MoOC15
2- ion, based on 
that for vo2+ (25 ), given in Fig. I, these transitions could be 
described as follows (24): The promotion of the b2 electron into 
e�* and bi* levels. The b2 to en* promotion was at about 13 , 800 · 
-1 cm , the b
2 
to bi* was at about 23, 000 
-1 cm In the ultraviolet 
region there were three charge transfer bands as well as the third 
ligand field band. For the compounds currently 
under investigation , the ultraviolet region was not very useful, 
due to the intense intraligand absorptions. 
Metal Orbitals 
(Mo )  
5p 
5s 
4d 
Fig. 1. 
M. 0. DIAGRAM FOR THE (MoOC15 )
2 - ION 
M. 0. Levels 
(d xz, d yz) 
7777177777771171 
bonding levels 
Oxygen and 
Chlorine 
Orbitals 
12 
13 
EXPERIMENTAL 
Infrared Spectra 
The spectra of all complexes were obtained as nujol mulls on 
potassium bromide plates (4000 to 400 cm-1 ) and on polyethylene 
sheets (400 to 250 cm-1) on a model 521 Perkin-Elmer grating spectra-
photometer. Preliminary infrared spectra were done on a Beckman 
IR-5. 
Visible Spectra 
The visible spectra were done on a Beckman DB spectra-
photometer. 
Ultraviolet Spectra 
The ultraviolet spectra were done on a Beckman DK-2A recording 
spectrophotometer. 
Ammonium Paramolvbdate 
The ammonium paramolybdate was used as received from Fisher 
Scientific Company. 
Sodium Tungs tate 
The sodium tungstate was Fisher Certified Reagent, and was 
used without further purific�tion. 
243597 SOUTH DAKOT STATE U IVERSITY LIBRARY 
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Molybdic Anhydride 
The molybdic anhydride was prepared by the method of Brauer (26). 
Triphenylphosphine 
The triphenylphosphine was obtained from Alpha Inorganics, and 
was used as received. 
Triphenylphosphine Oxide 
The triphenylphosphine oxide was used as received from Mand T 
Chemicals Inc. 
Acetone 
The acetone was industrial �rade from Worum Chemical Co. and 
was used without further purification. 
Ethanol 
The ethanol was used as received for most of the reactions, but 
was dried by a Grignard reaction (27) for some of preparations of 
MoOCl3 Ec6H5)3P0]2 and tungsten blue. It was United States In­
dustrial, USP reagent grade. 
Hexane 
The hexane was ACS grade and was used as received from Fisher 
Scientific Co. 
15 
Methylene Chloride 
The Methylene Chloride was Fisher Scientific Co. Certified. 
It was dr�ed over CaC12 and distilled before use. 
Diethyl Ether 
The diethyl ether was USP anhydrous ether from Fisher Scientific 
Co. , and was dried over sodium. 
Methanol 
The methanol was used as received from Fisher Scientific Co. 
Isopropyl Alcohol 
The isopropyl alcohol was Fisher Certified Reagent and was 
used as received. 
Peracetic Acid 
The peracetic acid was purchased as 40% peracetic acid from 
City Chemical Co. , but analyzed as 20% after two years of storage. 
It was used without purification. 
Hydrogen Chloride 
The hydrogen chloride was prepared by the action of concen-
trated sulfuric acid on sodium chloride, and dried by passing the 
gas through a calcium chloride drying tube. 
16 
Ammonium Chloride 
The ammonium chloride was used as received from Fisher 
Scientific Co. 
Cesium Chloride 
The cesium chloride was used as received from Sargent Chemical 
Company. 
Tetraethylammonium Chloride 
The tetraethylammonium chloride was used as received from 
Aldrich Chemical Co. 
Tetraphenylphosphonium Chloride 
The tetraphenylphosphonium chloride was prepared by the method 
of Horner et al. (28 ). 
Tetra.methylammonium Chloride 
The tetramethylammonium chloride was used as received from 
Eastman Organic Chemicals. 
Dimethylammonium Chloride 
The dimethylammonium chloride was obtained from Eastman Kodak' 
Company and was used without further purification. 
Pyridine 
The pyridine was used as received from Fisher Scientific Co. 
17 
Qui no line 
The quinoline was used as received from Fisher Scientific Co. 
Tetra(n-butyl)ammonium Chloride 
The tetra(n-butyl )ammonium chloride was obtained from Eastman 
Organic Chemicals, and was used without further purification. 
Tetraphenylarsonium Chloride 
The tetraphenylarsonium chloride was used as received from 
the G. Frederich Smith Chemical Co. 
Methyltriphenylphosphonium Iodide 
The methyltriphenylphosphoni�m iodide was prepared by the 
method of Wittig and Schoellkopf (2 9). 
Ethyltriphenylphosphoniurn Iodide 
The ethyltriphenylphosphonium iodide was prepared according to 
the method of Wittig and Schoellkopf (29). 
Ceric Sulfate 
The eerie sulfate was used as received from Fisher Scientific 
Company. 
Ferric Sulfate 
The ferric sulfate was used as received from Fisher Scientific 
Company. 
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Tungsten Analysis 
The tungsten analysis was done by ignition to wo3 at 700 C. 
Molybdenum Analysis 
The molybdenum analysis was done by the Jones Reductor method 
using eerie sulfate and ferric sulfate (30). 
Chloride Analysis 
The chloride analysis was done by the Parr Bomb method (31). 
Carbon and Hydrogen Analysis 
The carbon and hydrogen analyses were performed by the analyst 
at South Dakota State University,. or at Galbraith Microanalytical 
Laboratories , Knoxville, Tennessee. 
Valence Determination 
The valence determinations were done by standard methods (32). 
Oxotrichlorobis(triphenylphosphine oxide )molybdenurn(V ) 
MoOCl3[<c6H5 )3P0]2 
19 
A mixture of 0. 50 g. (0. 4 1  mmoles ) of (NH4 )6Mo7o24·4H20, 10 ml. 
of concentrated hydrochloric acid, and 25 ml. of ethanol were placed 
in a flask fitted with reflux condenser and nitrogen inlet. The 
solution was boiled until the salt dissolved. Then 3. 00 g (11. 45 
mmoles ) of triphenylphosphine in 25 ml. of hot ethanol was added. 
The solution immediately turned green and was allowed to reflux 
for 30 minutes. After cooling the solution was concentrated to 20 
ml. on a rotary evaporator and upon cooling a green precipitate 
appeared. The gr·een product was isolated by filtration, washed 
with warm hexane, and dried in a vacuum desiccator to give 1. 38 g. 
(68.60% ). Recrystallization from acetone gives 1. 02 g. (50. 70% ) of 
purified product. See appendix for the infrared, ultraviolet, and 
visible spectra. The use of methanol, isopropyl alcohol, or dry 
ethanol as the solvent gave the same product. 
Calcd. for c36H30P2Mo03Cl3: Mo, 12. 38; Cl, 13. 72; C, 55. 80; H, 3. 90 
Found: Mo, 12. 77; Cl, 13. 95; C, 56. 24; H, 4. 01. 
Oxodiperoxobis(triphenylphosphine oxide )molybdenum(VI) 
Mo(o2 )2o [cc6H5 )3Po]2 
To 2. 23 g. (2. 87 mmoles ) of oxotrichlorobis(triphenylphosphine 
oxide )molybdenwn(V) in 400 ml. acetone was added 50 ml. of 3% 
20 
hydrogen peroxide, the color of the solution changed from light green 
to dark yellow. The solution was concentrated by boiling to about 
60 ml. and 100 ml. of dry diethyl ether was added to precipitate 
the yellow product. The product was isolated by filtration, washed 
with warm hexane, dry diethyl ether, and dried. The product weighed 
1.39 g. (66.1% ). It was recrystallized from acetone giving 1. 04 g. 
(49. 5% ). See appendix for infrared, ultraviolet, and visible 
spectra. 
Calcd. for c36a30
P
2Mo07
: Mo, 13.10; C, 59.02;  H, 4. 13; 
Found: Mo, 13. 49; C, 57. 34; H, 4. 12. 
Mixture of Dioxodichlorobis(triphenylphosphine oxide )molybdenum(VI )  
and Oxotrichlorobis(triphenylphosphine oxide )molybdenwn(V )  
Hydrogen chloride gas was bubbled through a suspension of one 
gram (6.95 mmoles ) of freshly precipitated molybdic anhydride in 50 
ml. of ethanol until the solid dissolved. This process required one 
to three hours during which time the solution slowly turned green. 
The solution was filtered to remove any unreacted molybdic anhydride 
and three grams of triphenylphosphine oxide (10. 78 mmoles ) was added. 
Upon heating on a steam bath for fifteen minutes, a light green 
solid precipitated. The solid was isolated by filtration, washed 
with diethyl ether and dried: The solid was identified as a mix­
ture of approximately 10 - 20% Mo02Cl2[CCeH5 )3P� 2 and the rest 
21 
MoOCl 3[(C6H5)3Pq] 2 by the use of infrared and visibl e spectra (34) and 
by el emental anal y sis. The mixture coul d not be separated by 
fractional cry stal lization or col umn chromatography .  
Dioxodichl orobis(triphenyl phosphine oxide)mol ybd enum(VI) 
Hy drogen chl orid e gas was bubbl ed through a suspension of one 
gram (6 . 95 mmol es) of freshl y precipitated mol y bd ic anhydrid e 
in 50 ml . of ethanol until the sol id dissol ved . The sol ution was 
fil tered and 20 ml. of 3% hy drogen peroxide was ad d ed to the fil � 
trate. The solution turned from green to y el l ow. After the ad d i­
tion of three grams (10. 78 mmol es) of triphenyl phsophine oxide, 
the sol ution was concentrated by boil ing to 20 ml . and cool ed . The 
y el l ow to orange prod uct was isol ated by fil tration, washed with 
hexane, and d iethy l ether, then dried . The prod uct weighed 3.75 
g. (92. 1%). The prod uct was recry stal l ized from methylene chl orid e, 
and weighed 3. 0 7  g. (75.4%). See append ix for infrared, ul traviol et, 
and visibl e spectra. 
Cal cd . for C36 H30 P2MoO4Cl 2: Mo, 12. 70 ;  Cl , 9. 39; C, 57. 23; H, 4.01; 
Found : Mo, 13. 15, Cl , 9. 24; C, 56 . 96 ;  H, 4.35. 
This prod uct was al so prepared by oxidizing MoOCl 3 8 c6H5) 3P� 2 
with peracetic acid , or with ether containing peroxid es. In the 
22 
was dissolve d in 150 ml. of me thylene chloride , the n 10 ml. of 
peracetic a cid was a dded. The solution was conce ntrate d by boiling 
to 50 ml. , a nd 10 0 m l  . . dry die thyl e the r was added. This method 
gave a low y ie ld of 0 .10 g .  (6 .8 %) of an  impure product . 
Conve rsion of Dioxodichlorobis(triphe nylphosphine oxide )molybde num(VI) 
to Oxotrichlorobis(triphe nylphosphine oxide )molybde num(V) 
Mo02CJ2 [CCeH5)3PO] 2 to MoOCl3 [(C 6H5)3P0]2 
·A solution of 2 . 0 4 g. (2.70 mmole s) of Mo02C l2[<ceH5)3P0]2 
and·lO ml of conce ntrate d hydrochloric acid was re f luxed in 25 ml. of 
e thanol until the comple x dissolved. The n thre e grams (11. 4 5 mmole s) of 
triphe nylphosphine in 25 ml. of warm e thanol was adde d. The s0·1ution 
turned f rom ye llow to gree n. The solution wa s conce ntrated to about 
20 ml. on a rotary e vapor ator, upon cooling a gre e n  solid pre -
cipita ted. The gree n product was isolate d by filtration, washed 
with warm he xane and drie d in a vacuum. The product we ighe d 1 . 4 3 g. 
(69.5%) a nd wa s identif ie d a s  MoOCl3[Cc6H5)3P0]2 by a compa rison of 
the inf rare d spe ctrum to that of an  authe ntic sample . 
Re action of Oxotrichlorobis(triphe nylphosphine oxide)molybde num(V) 
with Ethanol 
Whe n a sample of MoOCl3 [< C 6H5) 3PO] 2 was re fluxed with e thanol, 
an orange -brown solution was obtaine d.  When this solution was 
conce ntrated, e ithe r by boiling or in a rotary e vaporator, a brown 
oil re sulte d. This oil could not be crystallized by a n  a ddition of 
2 3  
ether. Th e brow n oil wa s then dissolved in acetone and the solution 
concentr ated , either by boiling or in a r otary evaporator , again a 
brown oil was the prod uct. The oil was assumed to be a d ecomposition 
prod uct. 
Bis(tripheny J phsophonium ) Diox otetrachlorotungstate(VI )  
(s: C6H5 ) 3PI{) 2W O2Cl4 
This complex was prepared by a mod ific ation of the proced ure of 
Ma jumd ar and Bhatta chary ya (14). A solution of 1. 5 g. (4 . 5 4  mmoles) 
of Na2WO4 · 2H2O in 5 ml. of water was added to 10 m l. of 6 N  HCl. The 
y ellow precipitat� ,  WO3 , was isolated by filtration, washed with 
water and ethanol, and suspend ed in 5 0  ml .  of ethanol. Hydrogen 
chlorid e gas was bubbled . through t he suspension until the solid 
dissolved . The solution was warmed and f iltered . To the fi ltrate 
was ad d ed 3 g. (11. 45 mmol es) of tripheny lphos ph ine. The solution 
was con centrated by boiling to about 20 ml. and a white solid separated. 
The prod uct was washed with d iethy l ether and vacuum d ried immed iately . 
The product wei. ghed 2. 55  g. ( 6 3. 5%). 
If the prod uct was allowed t o  stand before d ry ing it turned blue. 
I t  coul d not be recrystallized because it was insoluble in or was d e-
composed by al l common solvents . 
See append ix for inf ra red , ultraviol et and visibl e spectra.  
Calc d . for c3 6H32P2WO2Cl4: W, . 20 . 80; Cl, 16 . 06 ;  C ,  4 8. 89; H,  3.65 ;  
Found : W, 20 . 83; Cl, 1 4. 5 4; C, 47.7 8; H, 3. 7 9. 
Dioxodich lor o bis(tr iphenylphosphine oxid e) tungsten(VI)  
W02Cl2 [ ( C6H5) 3 PO] 2 
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This complex was pr epar ed by a modification of the pr ocedur e of 
Majumdar and Bh attach ar yya ( 1 4 ) . The tungsten solution was 
pr epar ed by th e same method as given above. To the fil tr ate was 
added 3 g .  (1 0. 78 mmoles) of tr iphenylph osphine oxide. The sol ution 
was stir r ed on a steam bath for 15 minutes. The pr oduct was isolated 
by filtr ation, wash ed with war m hexane and dr ied. The pr oduct 
wei ghed 1 . 8 3 g. ( 47. 7%). See appendix for infr ar ed, ultr aviolet, 
an d  visible spectr a .  
Calcd. for C36H30P2W04Cl2: W,  21. 8 0; Cl , 8. 4 2 ; C, 51 . 27; H,  3. 59 ; 
Found: W, 22 . 1 6 ;  Cl, 7.33; C, 51. 32; H, 3 . 91. 
Tungsten Blue 
A suspension of 1 g .  W03, and 3 g .  of tr iphenylph osphine in 
50 ml. of eth anol was r efluxed under nitr ogen with th e addition of 
h ydr ogen chlor ide gas for 1 4  h our s .  After two days, a dar k bl ue solid 
pr ecipitat ed. Th e solid was isolated by filtr ation under nitr ogen, 
washed fr ee of ch lor ide ion with deaer ated water , and dr ied at r oom 
temper atur e over night in a pa r t ial va cuum. Gr avimetr ic tungsten 
analysis gave 7 2 . 19% tungsten and titr ation with cer iurn ( IV) gave an 
aver age oxidation state , for the tungsten, of 5. 9 2 . The compound was 
approximatel y  wo2 _ 96 2 • H20 .  
2 - 1 Salts of Mo0Cl5 and Mo0Cl4 
-
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The MoOC15
2 - solution was prepared by bubbling hydrogen chloride 
gas through a suspension of one gram (6. 95 mmoles ) of freshly 
precipitated molybdic anhydride in 50 ml. of ethanol until the 
solid dissolved. This process required one to three hours, during 
which time the solution slowly turned green. The solution was 
filtered to remove any unreacted molybdic anhydride and the salts 
were prepared by one of three methods. These methods were : 
1 )  Addition of the salt of the cation directly to the ethanol 
soluti on. 
2 )  Addition of 20 ml. of cone . hydrochloric acid to the 50 ml. 
2-of Mo0Cl5 solution and boiling the solution down to 20 ml., 
then adding the cation. 
3 )  The addition of the cation in methanol. 
Recrystallization was either from 1 )  acetone, or 2 )  cone. 
hydrochloric acid. In the method using cone. hydrochloric acid , the 
solution was evaporated to about 20 ml. by boiling and saturated with 
hydrogen chloride gas to reprecipitate the salt. See Table IV for 
complexes prepared and see appendix for infrared spectra. 
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RESULTS A ND CONCLUSIONS 
A n  attempt to prepare MoOc13 lic6H5 )3� 2 by the method used to 
sy nthesize R eOCl3 8 c6H5 )_3� 2 resul ted in the formation of a 
tri pheny lphosphine oxid e complex . This reaction is shown below: 
The triph eny lphosphine reacted wit h the molybdate ion , reducing the 
Mo(VI) to Mo(V), and was oxidized to tripheny lphosphine oxide. The 
Mo=O, Mo-Cl, and P= O stretching frequencies are in agreement with 
those pr eviously obtained for this compound (6) (7)( 8 ). The importance 
of this method of sy nthesis can n9t be over emphasized as i t  requires 
easily avai lable starting materials in comparison to those previously 
d i scussed in the Historical Section. 
The f ormation of a tripheny lphosphine oxid e complex was not 
unexpected as mol y bd enum is a class A metal in the A hr land classi -
fi cation (5 ), and thus would be more likely to form a stable complex 
with tripheny lphosphine oxid e than with tripheny lphosphi ne. Rheni um 
has been con sidered a borderline ele ment, and as such for med stable 
comple xes with a var iety of Group V-A and VI-A ligand s. Rhenium 
could there fore c omplex with either triphenylphosphine or tripheny l -
phosphine oxid e. Eve n  her e, t he f ormation of a tripheny lphosphine 
compl ex was unex pecte d in view of the high affinity of phosphorus 
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for oxygen (33). S ince  a pr imar y  goa l was the pr e pa r a tion of 
MoOCl3 [< c6H5) 3PJ 2, th e r e a c tion was c ar r ied out with a lar ge exc e ss 
of tr ipheny lph osph i ne ,  but th e attempts we r e  unsuccessfu l .  As the 
tr iphe ny lph osph ine oxide c omplex for med in a lar ge exce ss of 
tr iph e ny lph osphine , th e r e  was the possibility th at  c onside r able 
amou nts of tr ipheny l pho sphine we r e  be ing oxidize d to tr iphe ny lph os-
phine oxide , by the oxy ge n pr ese nt in the air or by wate r .  The 
r e ac tion was c ar r ied out with dr y - h y dr ogen ch lor ide u nde r nitr oge n, 
but the same r esu lts we r e  obtaine d. 
I n  th e case of WO3 or Na2WO4· 2H2O, only a slight r e duc tion to 
a tungsten blue  was obse r ve d  afte r se ver al day s  of h e ating. Th is 
c ou ld -be a ttr ibute d to the diffe r e nces in r e dox potentials of the 
tungste n a nd moly bde num species. For th e h a lf c e ll MoO3 + 4H
1 +  
+ + +0 . 50 V; and for th e h a lf c e ll + + + Thu s  the 
r e duc tion of Mo(VI ) was the rmody namic al ly favor e d, whe r e as 
the r e duc tion of W(VI )  was not. S ome r e duc tion of t he W (VI ) did 
occur bec ause of th e ve r y  sma ll ne gative value for th e h a lf c e ll .  
The pote ntial for the r hen ium h a lf c e ll Re o4
1 - + 6H1+ + 2e 1 - ­
Re o3+ + 3H2o has  not be e n  de te r mine d, but the r e dox pot entials 
a va ilable a r e  positive and similar in magnitude to th ose found for 
moly bde num .  The r e for e , it is sugge ste d th at th is r e a ction me dium 
would wor k for oth e r  tr a nsition me tal sa lts of simil ar E
0 
value. 
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Using the method outlined by Majumdar and Bhattacharyya 04 ), 
the reaction of hydrogen chloride and a metal oxide in ethanol 
followed by the addition of the ligand , the complex [< c6H5 ) 3Pti] 2Mo0Cl5 
was obtained with triphenylphosphine , while a mixture of 
Mo0Cl3 ITc6H5 )3P� 2 and Mo02Cl2 8c6H5 )3P<i} 2 was obtained with tri­
phenylphosphine oxide. The formation of Ec6H5 )3PH] 2MoOCl5 and 
Mo0Cl3 [c6H5 )3P� 2 indicated that the predominate ion present in the 
solution before the introduction of the ligand was MoOc15
2 -. To 
prove this , the ultraviolet and visible spectra of the green solution, 
prepared by the in teraction of molybdic anhydride and hydrogen chloride 
in ethanol , have been obtained (34 ) ,  and were found to be identical 
to those observed by Haight (35 ) for the Mo0Cl5
2 - ion. Absorbance 
maxima occurred at 450 m� , 730 mtt , and 310 mJt. The reduction of the 
Mo (VI ) ion by its reaction with hydrogen chloride and ethanol served 
as a simple method for obtaining the Mo0Cl5
2- ion. A discussion 
of the utility of this method of preparation and the ultraviolet and 
visible spectra will be deferred until later. Comparison with the 
analogous rhenium oxides was not possible , since these reactions have 
not been attempted. 
The use of hydrogen chloride as a reducing agent in reactions 
with transition metal oxides is known , and the following reactions 
will serve as examples : 
3 1  
1 )  Mo03 + HCl(g ) 
N, N-dimethylfor mamide MoOc15
2 - ( 3 6 )  
2 ) Cr03 + HCl(g ) acetic acid CrOC15 2- ( 3 7 )  
3 )  V205 HCl 
ethanol 
VOC13 
2-+ cone. ( 3 8 )  
The complex Mo0Cl3 lic6H5 ) 3Po] 2 was recrystallized from either 
acetone or methylene chloride. With methylene chloride, diethyl 
ether was required for precipitation of the complex. During one 
recrystallization, the addition of diethyl ether turned the color of 
the solution from green to yellow. The yellow crystals which 
precipitated from the solution were identified by the infrared spectr um 
and elemental analysis to be Mo02Cl2 � CeH5 )3POJ 2. The diethyl 
ether used for this particular recrystallization was found to 
contain peroxides. The synthesis of this product had been reported 
previously by the interaction of MoOzCl2 and triphenylphosphine oxide 
_ in methylene chloride ( 6 ) .  As comparison of our product with an 
authentic sample would provide additional proof of a correct 
formulation , attempts were made to synthesize it. The attempts were 
unsuccessful (34 ), but the reasons for this failure are unknown. 
Since no other methods were known for the synthesis of 
Moo 2c12 (i c6H5 )3Po] 2 , further experimentation was deemed necessary. 
The amount of peroxides present in the diethyl ether was unknown, so 
other methods of oxidation of MoOCl3 � C6H5 ) 3POj 2 were examined. The 
o xida ti. o n  o f  Mo OC13 � c6H5) 3P� 2 with either 3% or 30% h y dr ogen 
per oxide gave l\fo (02 ) 2 0 8 c5H5)3P<i) 2 . Th is co mplex had pr eviously 
b een pr epar ed a nd the infr ar ed spectr um was identica l to that ob-
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tained in this wor k  (9) . Diethyl ether oxidiz ed by  30 %  hydr o gen 
per oxide a nd a dded to Mo 0Cl3 IT c6H5)3P<TI 2 in meth y lene chloride also 
gave MoOC l3 E ceH5 )3P0]2 . Wh en per acetic acid was added to 
MoOCl3 [C C 5H5) 3Pq] 2 in methy lene chlor ide, a nd th e solid pr ecipi­
tated with per oxide f r ee diethy l ether ,  a mixtur e o f  
MoOCl3 � C 5H5) 3P0] 2 and Mo 02 C l2 �C5H5)3PcD 2 r esulted. This metho d 
o f  pr epar atio n wa s no t feasib le, b ecause t he mixtur e could not b e  
separ ated . Howev er th e o xidatio n of  MoOC15
2 - wi th 3% hydr og e n  
per oxide f ollowed b y  th e a dditio n of  tr ipheny lphosphine o xide was 
fo und to be an excellent meth o d  of  the pr epa r a tio n of  
Mo 02 Cl2 E csH5)3PcD 2 . 
The r eactio ns o f  wo3 r epor ted by Majumdar and Bhattach ar yya 
(14 ) ,  wer e r einvestigated b eca use of  discr epancies in the infr a r ed 
spectr a and the co lo r  o f  th e co mpounds. Initial a ttempts to r epr o­
duce the synthesis of  the complexes wer e unsuccessful.  This f ailu r e  
wa s tr aced to the wo3 whose pr epa r atio n wa s not given in the paper . , 
Th e fo llowing sour ces o f  wo3 wer e found to b e  unr eactive� 
3 3  
1 )  commercial W 03 , 
2) commer cial W03 d iss olv ed in s odium hyd roxid e and r epr ecipi-
tated with cone . HN03 , 
3 ) commer cial W03 d is s olved in sodium hyd r oxid e and repr ecipi-
tated with d ilute HN03, 
4 )  commer cial W 03 d is solved in s od ium hyd roxid e and r eprecipi-
tated with cone . HCl ' 
5) wo3 prepar ed by the method of Br auer (39), i n  which a 
satur ated solution of Na2W04• 2H20 was add ed to boiling 
concentrated hyd r ochlor ic acid ; and the pr ecipitate 
d igested on a steam bath, f iltered, d r ied at 100
°
C,  a nd 
ignited at 600
°
C, 
6 )  wo3 pr epared by the method of Br auer (39), b ut not d r ied 
or igni ted . 
Tungs tic oxi d e  prepared by the add ition of 1 . 5 g .  N a2wo4 • 2H20 in 
5 ml. of wate r to 10 ml. of cold 6 N  HCl was f ound to r eact as 
d es cr ibed by Majumd ar and Bhattacharyya (14 ) to give a clear yellow 
solution. The add ition of triphenylphos phine gave a white 
pr ecipitate id entif i ed as � C6H5) 3PH] 2W02Cl2 . This complex had 
pr eviously been r eported as gray-green in color (14 ). It was 
obser ved that the c omplex tur ned blue if not d r ied immed iately, s o  
their pr od uct was probab ly impure and contai ned d ecomposition 
prod ucts . 
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In an attem pt to clear up cer tain discr epancies in th e infr ar ed 
Majumdar and Bhattachar y y a  (14 ). Koh n ,  Lewis, and Wh y man (21) 
- 1 repor t ed th e P=O str etching fr equency at 1170 and 116 2 cm , and 
-1 the W-Cl asy mmetr ic str etch ing fr equency at 310 cm . 
r eported th e P=O str etching fr equency at 1172 and 116 5 
Br is d on 0 0 )  
- 1 cm 
while Maj umd ar a nd Bhattach ar y y a  r eported 1140 and 1088  cm-
l (14 ). 
No conclusions could be dr awn fr om th es e paper s as a complete 
spectr um was not given. We found that all these band s wer e pr esent, 
- 1 but the ar ea between 1170 and 114 0 cm is complex. Th er efor e the 
d ifferences may r esult fr om th e inter pr etation of the spectr a. · The 
-1 assignment of the split P=O str etch ing mod e to 117 0 and 116 2 cm 
would be more in line with th at pr eviou sly obser ved . Th e band at 
-1 1088 cm is pr obably th e 2y (A1) mod e ,  which is a summation of 2 y 
(X-sensitive) mod es (4 0) .  While Majumd ar and Bh attachar y y a  r epor ted 
the spectr um i n  the NaCl r egion (4 000 - 6 25 cm-
1) ,  th ey d id not 
-1 repor t th e r (X- sensitive) mod e at 720 cm , which is caused by the 
influenc e of the P=O on th e pheny l r ing. Th is band is pr esent in 
all tr i pheny lph osphine oxid e complexes (41)(42), and we are unable 
t o  explain its absence in th is par ticular paper. 
U ntil r ece nt ly it was th ou ght that the pr epar ation of MoOCl 
2-
5 
l -
and MoOc1
4 
salts was depend� nt on th e meth od of preparation, but 
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it has recently been reported that the anion species, MoOC1 5
2 - or 
MoOC14
1 - depends on the cation ( 15 ). Work with a solution containing 
2-the WOC15 anion has shown that the anion species produced depended 
on the cation added. The cations Rb1+ ,  Cs1 + , and NH4
1+ al�ays gave 
M2WOC15; the pyridine and quinoline cations could g ive either 
Using the MoOC15
2 - solution prepared by the interaction of Mo03 
and hydrogen chloride in ethanol, the resultant salt was found to 
depend on the cation in a regular manner. See Table V for the 
results , along with the Mo=O and Mo-Cl stretchi ng frequencies . 
From Table V it can . be seen that the simple inorganic cations, 
along with the organic cations formed by the addition of  a proton 
to the amine or phosphine, formed complexes of the type M2Mo0Cl5 
Any group larger that the hydrogen ion added to the amine or 
phosphine gave complexes of the type M1MoOCl4 . Two possibilities 
for this difference would be the concentration of the cation species 
and the solubility of the resultant complex. Concentration did not 
1-seem to be important, but it was observed that all the Mooc1 4 
salts precipitated immediately from the solution. A third possibility 
will be discussed in r elation to the ultraviolet and visible spectra. 
In several cases, attempts were made to use the iodide salt rather 
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TABLE V.  Mo=O, an d Mo-X fr equenc ies of the Mo Oc1 5
2- and 
MoOCl4- l Sa l ts 
C at io n  Compl ex formed Infr ar ed fr eque ncies in cm-1 
M2Mo OCl 5 M1Mo OCl 4 Mo=O Mo -C l  
cs+ X 950 3 20 
NH + 4 X 97 5 sh 
97 0 
(CH3 )2NH2
+ X 97 0 
950 
(CH3 )3NH 
+ X 97 0 
(CH3 )4N
+ X 98 2 3 12 
10 00 
C5H5W X 970 3 20 
3 4 0  
C9H3N 
+ X 98 0 
(CH3CH2)4N 
+ X 96 0 3 15-34 0 b 
(CH3CH2CH2CH2) 4N
+ X · 10 11 3 3 5  
10 00  
( C6H5)3PH 
+ X 96 0 3 0 0  
CH3 (C 6H5) 3 P
+ X 98 0 3 25 
CH3CH2(C 6H5) 3P
+ X 97 5 3 3 5  
(C0H5)4 P
+ X 987 3 40 
100 0  
(CeH5)4As
+ X 983 3 3 5  
than th e chlor ide s al t. This r es ulted in conta mination with fr ee 
iodine and ther efor e the us e of iodide s alts s hou l d  be avoided. 
1 -I n  the Mo0Cl4 anion, the s ixth coor dination pos ition is 
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vacant and ther efor e the pos s ibil ity exis ts for the coordination of 
water in the compl ex. This was obs er ved only in the cas e of the 
A s tudy of the infr ar ed s pectr um s howed that the Mo=O s tr etching 
�ode i n  the MoOc1 4
1 - s al ts was at high fr equency that i n  the MoOc15
2 -
s alts . This r es ul ted fr om the fact that the mol ybdenum to oxygen bond 
i n  the MoOC1 4
1 - s alts s howed mor e tr ipl e bond char acter than it did in 
in the s ixth pos ition wh ich l ower ed the Mo=O fr equency becaus e the 
water withdr ew electr ons fr om the Mo=O bond. I n  cer tain s alts , s uch 
t o  deter mine the exact l ocation of the Mo= O s tr etching fr equency 
becaus e of cation abs or bance in the s ame r egion . The Mo=O peaks in 
the (CH3)4N
l+ compl ex have been r epor ted to be at 950 and 995 cm-l 
(1 5),  but that 
at 950 and 96 0 
l+ 
is in er r or becaus e the (CH3)4N cation has peaks 
-1 cm 
The Mo-Cl peak was mor e pr ominent in the MoOC1 4
1 - s al ts t han in 
the MoOc15
2 - s al ts ,  the r eas on for this is unknown. Liter atur e 
r efer ences for cs2Mo0Cl 5 gave · the Mo-Cl peak at 32 4  cm-
1 (2 1 ) ,  
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-1 1 and at 329 cm with a should er at 320 cm- ( 4 6) .  These references 
wer e  in close agree ment wi th the broad peak centered at 320 cm- l 
repor t ed here. 
To explain the u ltraviolet and visible spectra of Mo( V) species, 
Gray and Hare ( 2 4 )  adapted a molecular or bital scheme ( page 12 for 
diagram) originall y proposed for vo2+ ( 2 5). The most importan t 
feature was that t he ' ' molecular field is dominated by the axial Moo3+ 
interaction . "  Thi s featu re has been criticized by A llen et al . ( 17), 
who felt that the hal ogen 1'f -orbitals must be considered . Horner 
and Tyre e ( 47) al so argued that the halogenn- - orbitals were 
important and suggested th at the highest bonding molec� lar or bital s 
wil l be t hose from the halogen ( --rr  ) - b2 transi tion. Kon and 
Sharpless ( 4 8 )  offered still another possibilit y. They suggested 
that the very strong Tr -bonding ( Mo=O bond) could re-order the e,,. 
levels bel ow the b1 lev el with the result that the first charge 
transfer band would be b1 - b2 transition. This idea gains 
further suppo rt for the id ea of promoting an electr on from a 
o' -or bital ( Mo-Cl) since it is observed that ma ny MoOCJ. 5
2 - ions 
readil y lose a hal id e ion. This concept would help explain the 
formation of both MoOCl4
l - and Mo0Cl 5
2 - salts as  previously dis­
cussed . A t  presen t, the reason certain cations give MoOc14
1 -
salts is unclear . 
1- 2 The MoOCl4 and MoOCl5 
- compounds und e r  inve sti gati on, as 
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we ll as the so+ uti on obtai ne d from MoO3 + HCl(g) + e thanol, all 
have band s in the re gions of 72 5, 450 ,  355, 310, and 2 42 mµ . The 
transiti ons. Because of the current d isagree me nt as to t he o ri gi n  
of the peaks in the ultraviole t re gi on, attempts to assi gn the 
bands are unjusti fied .  The MoOCl 4
1 - salts have the same spectra 
in aque ous HCl because the sixt h position is fi lle d by a c11 - i on 
and is the re fore a MoOCl5
2- ion. This is in agree me nt with that 
fo und by Allen e t· al. ( 1 7). 
SUMMARY 
While the complexes prepared could be pre pared by different 
procedures , t he advantag e s  of the metho ds described in this paper 
were : one, the use of readily obtainable , air stabl e chemicals; 
and two,  the use of simple reaction condi tions. 
4 0  
The complexes [c c6H5 ) 3P� 2 w�2c14 and wo 2c12 G c6H5) 3ro J 2 were 
prepare d and the infr ared spectra studied because of discrepan cies 
in the li teratur e. Since the complete infrared spectra were not 
given in the liter ature , and all of the bands g iven in the 
literature appeared i n  our spectra, no conclusio ns c oul d b e  d rawn�  
The work with the M2MoOCl5 and M1MoOCl4 salts gave the f irst 
clear example of cation influence on their pr eparation. 
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APPEND I X  
The infrare d, ultrav iolet, a nd visible spectra a re giv en in 
the f ollowing t ables. All spectra a re from nujol mulls on 
-1 potassium br omj_ de plate s, 4 0 0 0-4 00 cm , and poly ethylene sheets, 
4 0 0- 25 0  cm-1 . 
-1  
The nujol a bsorbs in the 3000-28 0 0  cm a nd 
-1 135 0-1 5 00 cm region s;  therefore the se regions a re not reported 
in the tables . The letter b indic ates that the peak is broad.  
The relativ e intensities a re given as follows: 
vw very weak 
w weak 
m medium 
s s trong 
v s  very strong 
shld. s houlder. 
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Table VI .  Infrared Absorption Maxima for Oxotrichlorobis (tr iphenyl-
phosphine oxide ) rnolybdenum (V ). 
Frequency (crn-1) Intensi ty Frequency ( cm-1 ) I ntensity 
27 40 vw 7 60 shld . 
C--, 
1310 \V 7 50 m 
1190 vw 7 20 vs 
1 160 m 6 90 vs 
1 1 4 0 shld. 6 10 vw 
1 1 20 s 550 sh.Id. 
10 90 m 540 vs · 
1070 shld. 340 m 
1060 s 330 shld. 
1 030 m 320 vs 
10 00 m 310 shld. 
920 vs 290 shld. 
8 50 w 270 shld. 
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TABLE VI I. Visible and Ultraviolet Absorption Maxima and Molar 
Extinction Coefficients for Oxotrichlorobis(triphenyl-
phosphine oxide )molybdenum(V ). 
Wave length in mµ  Eo Wave length in mp (,. 0  
7 10 3 . 29 X 
1 
27 3 6 . 59 10
3 
10 ·- X 
450 2 . 90 X 10
1 
266 7 . 36 X 10 3 
344 1 . 1 1 X 10 3 260 6 . 9 8 X 10
3 
29 5 3 . 49 X 10 3 
Table VII I. Infrared Absorption Maxima for Oxodiperoxobis 
(tripheny lphosphine oxide )molybdenum (VI ) .  
4 4  
Frequency (cm-1) Intensity Frequency (cm-1 ) Intensity 
1 310 vw 8 50 shld. 
1 1 70 shld. 760 w 
1160 s 750 s 
1 120 s 720 vs 
1050 s 690 s 
1020 m 660 m 
1000 m 5 90 w 
980 w 5 50 shld. 
950 s 540 vs 
880 m 325 s 
860 s 300 m 
TABLE I X. Ultraviolet Absorption Maxima and Molar Extinction 
Coefficients for Oxodiperoxobis (triphenylphosphine 
oxide )molybdenum (VI ).  
Wave length in mµ £0 Wave length in m� £0 
3 15 9 . 69  X 102 2 61 4 . 0 9  X 
273 4 . 3 1 X 10
3 
2 55 3 . 2 3  X 
26 6 4 . 9 7 X 10 3 
4 5 
10 3 
10
3 
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Tab le X .  Infrared A bsorption Maxima for Dioxodichl orobis( tr iphen yl-
pho sphine oxide)molybdenum( VI) . 
Fr equenc y ( cm- 1) Intensity Frequency (cm-1) In:t ensi t y  
1 5 90 m 7 5 5  m 
1320 m 7 50 m 
1290 shld . 720 vs 
1280 shld.  6 90 vs 
1190 s hld . 620 w 
1180 s 5 50 shld . 
1 150 vs 5 40 vs 
1 120 v s  530 shld . 
1090 s 480 w 
1070 s 460 m 
1030 m 450 m 
1000 m 440 w 
9 90 shld . 420 s 
9 50 vs 390 s 
9 30 m 320 vs 
9 10 v s  3 1 0  shld. 
8 50 shld . 300 shld . 
7 70 w 270 shld. 
7 60 m 
TABLE XI. Ultraviolet Absorption Maxima and Molar Extinction 
Coefficients for Dioxodichlorobis (triphenylphosphine 
oxide)molybdenum (VI) 
Wave length in mµ 
27 3 
266 
6 . 3 6 X 10 3 
7 . 9 5 X 10
3 
Wave length in mµ f0 
260 7 . 3 6 X 10
3 
255 6 . 76 X 10 3 
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Tabl e XII. Infr ared A bsor ption Maxima for Dioxod ich lorobis 
(t ripheny lphosphine oxide)tungste n ( V I).  
48  
Frequency (cm-1 ) Intensity Frequency ( cm-1) Intensity 
1 600 w 750 s 
1 320 w 720 vs 
1 1 40 s b 6 90 vs 
1120 s 620 w 
108 5  s 5 40 vs b 
1070 shld . 460 m· 
1030 m 4 50 111 
1000 m 420 m 
960 s 390 m 
9 1 0  s 330 shld . 
860 m 310 s 
760 shld . 300 s hld. 
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Table XIII. Ultraviolet Absorption Maxima and Molar Extinction 
Coefficients for Dioxodichlorobi s(triphenylphosphine 
oxide )tungsten(VI ). 
Wave length in mµ 
272 
266 
e,0 Wave length in mµ 
7 . 23 X 10 3 260 
8 . 13 X 10 3 25 5 
7 . 5 3 X 10 3 
3 
6 . 9 3 X 10 
5 0  
TABLE XIV. Infr ared Absorptio n  Maxima for Bi s(tri ph enylphospho ni um) 
Dioxot etrachlo rotungstate(VI). 
-1 Frequency ( cm ) 
2 350 
159 0  
1340 
132 0 
119 0 
11 6 0  
11 1 0  
107 0  
1030 
100 0  
980 
9 50 
940 
900 
Intensity Frequency ( cm-1) 
w b 8 7 0  
w 820  
vs 7 6 0  
vw 7 50 
w 7 4 0  
w 72 0 
vs 6 90 
shld. 620  
w 550 
w 510 
shld. 4 90 
s 4 4 0  
m 370 
vs 310 
Intensi ty 
shld. 
shld. 
shld. 
shld. 
vs 
vs 
v s  
w 
w 
s 
vs 
m 
w 
w 
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Table XV. Ultraviolet Absorption Maxima and Molar Extinction 
Coefficient for Bis ( triphenylphosphoniurn ) Dioxotetra­
chlorotungs tate (VI ).  
Wave length in mµ 
261 4 2 . 38 X 1 0  
Table XVI. Infrared Absorption Maxima for Dicesium 
Oxopentachloromolybdate(V ). 
Frequency (cm-1 ) Intensity Frequency (cm-1 ) 
950 vs 
340 shld. 
330 shld . 
320 
270 
Table XVII. Infrared Absorption Maxima for Diammoni um 
Oxopentachloromolybdate(V ). 
Frequency (cm- 1 ) Intensity Frequency (cm-1 ) 
3500 m b 970 
3200 s b 900 
1200 m b 740. 
1120 shld. 720 
1 050 m 600 
980 shld. 
Intensity 
v s  
shld. 
Intensity 
s 
w 
shld. 
w 
w 
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Table XVIII. Infrared Absorption Maxima for Bis (dimethylammonium ) 
Frequency (cm-1 ) 
3400 
31 50 
2760 
2420 
2380 
1610 
1 5 8 0  
1250 
1240 
1080 
Oxopentachloromolybdate (V ). 
Intensity 
m b 
vs 
s 
m 
shld. 
shld. 
m 
w 
shld. 
vw 
- 1 Frequency (cm ) 
1020 
9 70 
9 50 9 40 
920 
9 10 
8 90 
820 
320 
Intensity 
v s  
s 
w 
m 
s-hld. 
m 
vs 
s 
w 
Table X IX .  I nfrared Abs orpti on Ma xi ma f or Bi s(trim e t hy lammoni um) 
Oxope ntachlo r omoly bdate( V). 
5 3 
- 1  
Fre quency (cm ) I nte nsi ty -1 Fre que ncy (cm ) Inte nsi ty 
3400 m b 8 10 vw 
3060 s b 7 80 s 
2520 w 720 shld. 
2470 w 620 w 
16 30 w 5 90 w 
12 70 s 5 70 w 
1240 s 4 40 m 
11 90 s 3 80 w 
1065 1TI 360 w 
1020 m 3 40 w 
980 shld. 310 w 
9 70 vs 
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Table XX .  I nfr ar ed Absor ption Max i ma for Tetrameth y la mmoni um 
Fr equency 
338 0  
3 100 
16 10 
1290 
1150 
1070 
100 0  
Table XX I . 
Fr eque ncy 
34nO 
16 20 
1190 
1175 
10 95 
1070 
10 6 5  
Ox ot et rachlor omo l ybd ate( V). 
(cm-1) I ntens ity Fr equency (cm-1) I ntensi ty 
m b 98 2 s 
m b 96 0 shld . 
m 950 vs 
w 330 shld. 
vw 312 vs 
vw 28 0  shld . 
m 
I nfr ar ed Absor pti on Maxima for Tetra ethy lammoni um 
Ox otetr achlor omo ly bd ate(V ) . 
(cm- 1) I ntens i ty F r equency (cm- 1) I nten si ty 
m b 990 vs 
s 960 m 
sh ld . 900 -w 
m 'i8 0 s 
vw 550 m b ·  
w 330 vs b 
w 
5 5  
Table XXI I .  I nfrared Absor ption Maxima for Tetra(n-buty l) ammonium 
Ox otetrachlor omolybd ate (V). 
Frequency (c m- 1) I ntensity Frequency (cm- 1) I ntensity 
15 80 w 110 1 s 
132 0  w 1000 s 
1310 shld . 9 80 shld . 
12 80 w 925  m 
1240 w 8 9 5  shld. 
117 0  m 885  m 
1150 shld . 780 w 
1110 s 7 40 s 
1070 shld . 7 30 shld . 
1060 w 3 65 v s  
10 40 m 335 vs 
5 6  
Table XX.III. Infr ar ed A bs o r pt io n  Maxima for Dipyr idinium Oxopent a-
chl o r o mol ybdate (V). 
-1 Freq uenc y (cm ) 
34 0 0  
1630 
1610 
15 20 
1330 
12 40 
1190 
115 5 
10 6 0  
10 50 
Intensit y 
w b 
s 
s 
s 
m 
J1). 
m 
m 
shld . 
m 
Fre qu e ncy (cm-1) Inte nsit y 
1030 w 
990 s 
910 w 
7 40 vs 
7 25 - shld . 
6 8 0  vs 
610 w 
34 0  m 
320 m 
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Table XXI V. Infrared Absorption Maxima for Diquinolinium Oxopenta­
chloromolybdate CV) . 
Frequency (cm-1) Intensity Frequency (cm- 1 ) Intensity 
3400 vw 910 w 
2190 vw 8 5 0  vw 
2100 vw 8 20 shld . 
1630 m 8 05 vs 
15 90 s 7 6 5  vs 
155 0  m 7 40 m 
1300 s 7 20 · shld . 
129 5  shld . 610 s 
1225 m 5 20 m 
1215 shld . 4 8 0  shld . 
11 5 0  w 47 0  s 
1140 w 390 m 
1130 w 37 0  m 
105 0 v w  345 m 
9 8 0  vs 325 s 
9 60 shld . 300 m 
935 w 
5 8  
Table XXV. Infrar ed Abs or ption Maxima f or Bi s (tripheny lphos phon ium ) 
Oxopen tachlorornoly bd at e( V  ). 
Frequency ( cm-1) Intensity Frequency ( cm-1) Intensity 
2440 vw b 7 50 s hld . 
15 90 vw 740 vs 
1320 vw 720 vs 
1180 vw 680 vs 
1160 w 620 m 
1150 w 550 w 
1110 s 5 40 s hld . 
1030 w 520 s 
1000 w 500 vs 
960 vs 490 s hld . 
9 30 m 4 30 s 
900 s 310 vs 
8 80 s hld . 290 s hld . 
860 shl d . 280 s hld. 
850 m 260 s hld . 
760 s 
5 9  
Table XXVI. Visible and Ultraviolet Absorption Maxima and Molar 
Extinction Coefficients for Bis (triphenylphosphonium ) 
Oxopentachloromolybdate (V ).  
Wave length in m� 
690 
445 
3 . 72 X 10 1 
4 . 4 1 X 10 1 
Wave length in mµ 
275 
E.. 
4 
4 . 0 8  X 10 
Tab le XX.V II. Infrar ed Absorption Max ima for Met hy ltripheny l -
ph osphonium Oxotetrachloromoly bdate( V). 
6 0  
Frequency ( cm-1 ) Intensity Frequency (cm- 1) Intensity 
330 0  w b 
16 6 0  v s  
16 4 0  s -
1610 shld. 
158 0  m 
1320 s 
12 40 s 
ll8 0 w 
ll6 5 w 
116 0 w 
lllO vs 
10 90 shld. 
1070 shld. 
1020 vw 
., ' 
.990 
98 0 
90 5 
7 8 5 
7 50 
7 20 
690 
56 0  
510 
495 
4 50 
360 
325 
v s  
shld. 
vs 
m 
vs 
- VS 
vs 
m 
v s  
shld. 
s 
shld. 
v s  
Table XX.VI II. Inf r ar ed Absorpt ion Maxima f or Ethy ltr i pheny l-
phosphonium Oxote tr achloromolyb d a te(V). 
6 1  
Fr equ ency ( - 1 \ cm " Intensity Fr equ ency (cm-1) Intensi t y  
16 10 w 740 s hl d . 
1 5 90 w 7 30 vs 
1 320 vw 720 vs 
1260 w 6 9 5  s hld . 
1 1 90 vw 690 s 
1 160 vw 660 m 
1 1 10 vs 5 40 s 
1080 m 5 10 shld . 
1040 s 500 s 
1 0 30 shld. 4 8 5  m 
990  vs 450 w 
9 75 shld. 335 vs 
8 80 w 320 shld . 
76 5 m 300 shld . 
750 s 
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Table XX.IX. Infrared Absorption Maxima for Tetraphenylphosphonium 
Oxotetrachloromolybdate(V ) .  
Frequency (cm-1) Intensity Frequency (cm-1 ) Intensity 
1 59 0  m 9 5 0  m 
1 5 8 0  shld. 9 30 m 
1 340 w 9 1 5  m 
1 320 w 900 m 
1 19 0  m 760 s 
1165 m 7 5 5  shld. 
1 1 10 vs 7 30 vs 
1090  shld. 690  vs 
1070  w 620 w 
1030 m 5 4 0  w 
10 15 s 460 vs 
1 000 s 370 vs 
987  s 35 5 shld. 
970  m 340 shld,. 
Table XXX. Infrared Absorption Maxima for Tetraphenylarsonium 
Oxotetrachloromolybdate(V ) .  
6 3  
Frequency (cm-1 ) Intensity Frequency (cm-1 ) Intensity 
1 58 0  m 750  vs 
1 340 w 740 s 
1 31 0  w 7 30 shld. 
1 1 8 0  m 6 9 0  v s  
1 1 60 m 6 8 5  shld. 
1 0 85  s 615 vw 
1070 w 480 s 
1 025 m 4 70 s 
10 1 0  m 360 vs 
1 000 s 35 0 shld. 
9 8 3  v s  340 vs 
920 w 335 v s  
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